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@ Process for producing new pojy ester resin. 

© A new polyester resin is produced by -~ 
polymerization of (a) a diol component of the 



rHOR 1 * 



where R 3 and R 3 are saturated or unsatured hydrocarbon 
groups of 4 to 20 carbon atoms and 10 to 30 mol% of 
trimellitic acid or anhydride thereof. The polyester has 
improved toughness, abrasion resistance and flexibility. 



CH, 



wherein R 1 is an alkylene group of 2 to 4 carbon atoms; andx 
and y are positive integers, the sum of them being 2 to 16 on 
an average, and (b| an acid component of polybasic (at least 
dibasic) carboxylic acid, anhydride thereof, and lower alkyl 
ester thereof, said acid component (b) containing 1 to 50 
mol# of a dibasic carboxylic acid or anhydride thereof of the 
formula: 

R'-CH-COOH R*-CH-COOH 

I (II) or I (III) 

CH^COOH R 3 -CH-COOH 



Q. 

ui 
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PROCESS FOR PRODUCING NEW POLYESTER RESIN 

The present invention relates to a process for produc- 
ing a new polyester resin which "has outstanding toughness, 
abrasion resistance, and flexibility. 

Heretofore, there are known several processes for the 
production of polyester resins. According to them, linear 
polyesters are produced by reacting a dicarboxylic acid 
with a" diol having "etherified diphenyl nonlinear polyesters 
are produced by reacting an etherified polyhydroxyl com- 
pound as a third component in addition to said two compo- 

10 nents ; .and nonlinear polyesters are produced by reacting 
polybasic (at least tribasic) carboxylic acid as a third 
component in addition to said two components. 

The polyester resins produced by these processes have 
good performance to some extent, but they still have some 
disadvantages. For instance, the linear polyester resin 
is readily sol- ble in the unsaturated monomer but lacks 
toughness and .>rasion resistance, and consequently it is 
not necessarily satisfactory in performance as a curing 
polyester resin. It may be used as a binder for the toner 

20 used in electrophotography, but cannot be used for a high- 
speed* copying machine which employs a heat roller for fix- 
ation. If it is used for such- a copying machine, it will 
cause off-set. 

Nonlinear polyesters, too, have a disadvantage. If 
an etherified polyhydroxyl compound is used as a third com- 
ponent, the resulting polyester resin improves in toughness 
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and abrasion resistance, while maintaining the solubility 
in the unsaturated monomer to some extent. Nevertheless, 
it does not improve in the glass transition temperature 
and tends to form a mass when used in the form of powder. 
On account of these disadvantages, the nonlinear polyester 
cannot be used as a binder for glass fiber mat and as a 
binder for the toner used in electrophotography. 

Moreover, the nonlinear polyester resin produced by 
reacting a polybasic (at least tribasic) carboxylic acid 
as a third component does not improve in the properties 
if the acid is used in a small quantity. On the other hand, 
if the quantity of the acid is increased to produce a good 
effect, the resulting polyester resin becomes rigid and 
brittle and rises in the softening point; in addition it 
is insoluble in the unsaturated monomer. Thus, such a 
polyester cannot be used as a curing polyester, and it 
tends to solidify in the reaction vessel during production. 
This invites a danger in the manufacturing process. 

Under these circumstances, there has been a demand for 
a polyester resin which is outstanding in toughness and ab- 
rasion resistance and soluble in the unsaturated monomer and 
has a comparatively high glass transition temperature and 
an adequate softening point. 

In order to overcome the above disadvantages, the pre- 
sent inventors have carried out a series of researches which 
led to this invention. 

This invention relates to a process for producing a 
new polyester resin by condensation polymerization of (a) 
a diol component represented by the formula: 

| 3 

C- ^J -O-fl^OiyH (I) 

(where R 1 is an alkylene group of 2 to 4 carbon atoms; and 
x and y are positive integers, the sum of them being 2 to 
16 on an average) , and (b) an acid component selected from 
the group consisting of polybasic (at least dibasic) 
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carboxylic acid, anhydride thereof, and lower alkyl ester 
thereof, said process being characterized by that said 
acid component (b) contains 1 to 50 mol% of ' a dibasic 
carboxylic acid or anhydride thereof represented by the 
formula: 

R 2 -CH-C00H R 2 -CH-C00H 

| (II) or f (III) 

CH 2 -C0OH :R J -CH-eOOH 

(where R 2 and R 3 are saturated or unsaturated hydrocarbon 
groups of 4 to 20 carbon atoms) and 10 to 30 mol% of tri- 
mellitic acid or anhydride thereof. 

The more is used the trimellitic acid or anhydride • 

10 thereof, the higher is the glass transition temperature of 
the resulting resin and the more improves the abrasion 
resistance of the resulting resin. This improvement is 
made at the sacrifice of increased rigidity. On the other' 
hand, the more is used the compound or anhydride thereof 
represented by the formula (II) or (III) , the more improves 
the resulting resin in impact resistance, flexing resistance, 
and solubility. This improvement is made at the sacrifice 
of the lowered glass transition temperature and the tendency 
that the powder of the resin tends to form a mass. These 

2 0 merits and demerits can be balanced if the quantity of the 
trimellitic acid or anhydride thereof is limited to 10 to 
30 mol%, preferably 20 to 30 mol%, in the acid component 
(b) , and the quantity of the compound or anhydride thereof 
represented by the formula (II) or (III) is limited to 1 
to 50 mol% in the acid component (b) . 

Examples of acid component (b) other than (II) and 
(III) include phthalic acid, isophthalic acid, terephthalic 
acid, fumaric acid, maleic acid, anhydrides thereof, and 
lower alkyl esters thereof, which are used for the produc- 

30 tion of prevailing polyesters. 

The polyester resin produced according to the process 
of this invention will be used fl) in the form of powder, 
(2) in the form of a solution dissolved in an organic sol- 
vents, and (3) in the form of a solution dissolved in 
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an unsaturated monomer. For application of (3) , it is 
necessary to use fumaric acid or maleic acid, which is an 
unsaturated dicarboxylic acid, as one of the acid component 
(b) other than (II) and (III) ; but for applications of (1) 
and (2) , there is no limitation as to the kind of the acid 
to be used. 

The polyester resin produced according to the process 
of this invention has a softening point of 80 to 150 °C, 
preferably 100 to 140°C, as measured by the ring and ball 
10 method. 

The polyester resin produced according to the process 
of this invention will be used in the form of powder as a 
binder for glass fiber mat and a binder for electrophoto- 
graphy toner, and in the form of a solution dissolved in 
an organic solvent as a binder to bond a photoconductive 
substance to the substrate. 

If an unsaturated, dicarboxylic acid or anhydride there- 
of is used as one of the acid component (b) , the polyester 
of this invention will be used as a so-called thermosetting 
20 polyester resin after being dissolved in an unsaturated 

monomer such as styrene, vinyl toluene , chlorostyrene, and 
diallylphthalate . 

Examples of the diol which is used in this invention 
and is represented by the formula: 




(where R , x, and y are as defined above) 
include polyoxypropylene ( 2 . 2) -2 , 2-bis ( 4-hydroxyphenyl) 
propane, polyoxy ethylene (2) -2, 2-bis (4-hydroxyphenyl) propane, 
polyoxypropylene (6) -2 , 2-bis (4-hydroxyphenyl) propane, and 
polyoxypropylene (16) -2, 2-bis (4-hydroxyphenyl) propane . 

Examples of the dibasic carboxylic acid which is used 
in this invention and is represented by the formula: 
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R 2 -CH-COOH 



CH 2 -COOH 



(ID 



or 



R 2 -CH-C00H 
3 I 

R -CH-C00H 



(III) 



(where R and R are as defined above) 

include n-dodecenylsuccinic acid, iso-dodecenylsuccinic 
acid, n-dodecyl succinic acid, iso-dodecyl succinic acid, 
iso-octylsuccinic acid, and n-butylsuccinic acid. 

The diol component used in this invention may be in- 
corporated with less- than about 5 mol% of a polyhydroxyl 
compound which is at least difunctional . 

Examples of such polyhydroxyl compound include ethylene 
glycol, propylene glycol, glycerin, pentaerythritol , tri- 
methylolpropane, hydrogenated bisphenol A, sorbitol, or 
etherified polyhydroxyl compound thereof such as polyoxy- 
ethylene(lO) sorbitol, polyoxypropylene {3) glycerin, and 
polyoxyethylene (4) pentaerythritol. 

According to the process of this invention, the poly- 
ester resin can be produced by polycondensing the polyol 
component and the polybasic carboxylic acid at 180 to 
250°C in an inert gas atmosphere^ In order to accelerate 
the reaction, a common esterif ication catalyst such as zinc 
oxide, stannous oxide, dibutyltin oxide, and dibutyltin di- 
laurate can be used. Also, the process can be carried out 
under a reduced pressure for accelerated reaction. 

The invention will be illustrated by the following non- 
limitative examples for the production and use of the resin. 
Production Example 1 

Into a 1-liter 4-neck glass flask equipped with a ther- 
mometer, stainless steel stirrer, condenser, and nitrogen 
inlet were charged 700 g of polyoxypropylene (2.2) -2, 2-bis- 
( 4 -hydroxyphenyl) propane, 130 g of fumaric acid, 53.4 g of 
n-dodecenylsuccinic anhydride, and 0.1 g of hydroquinone . 
Using an electric mantle heater, the reactants were heated 
to 230°C, with stirring under a nitrogen stream, until the 
water formed by reaction was not distilled out any longer. 
The acid value at that time was 1.5. 
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Subsequently , 63.4 g of trime 11 i tic anhydride was added 
and reaction was continued for about 8 hours until the acid 
value reached 20. A light yellow solid resin having a ring 
and ball softening point of 120°C was obtained. 
Comparative Example 1 

Into the same apparatus as used in Example 1 were charged 
700 g of polyoxypropylene ( 2 . 2) -2, 2-bis ( 4 -hydroxyphenyl) propane, 
333 g of fumaric acid, and 0.1 g of hydroguinone . Reaction 
was continued at 220°C with stirring under a nitrogen stream, 
10 until the acid value reached 20. A light yellow solid resin 
having a ring and ball softening point of 108 °C was obtained. 
Comparative Example 2 

Into the same apparatus as used in Example l.were charged 
700 g of polyoxypropylene (2. 2) -2, 2-bis (4-hydroxyphenyl) propane, 
153 g of fumaric acid, and 0.1 g of hydroguinone. Reaction 
was continued until the water formed by reaction was not dis- 
tilled out any longer . The acid value at that time was 1.8. 

Subsequently, 63.4 g of trimellitic anhydride was added 
and reaction was continued for about 8 hours until the acid 
20 value reached 20. A light yellow solid resin having a ring 
and ball softening point of 125°C was obtained. 
Usage Example 1 

The resin obtained in Production Example 1 was incorpo- 
rated with 65 wt% of styrene. The resulting clear polyester 
monomer solution was incorporated with benzoyl peroxide and 
then applied to a glass fiber mat. After curing at 90°C for 
about 1 hour, an inflexible glass fiber laminate was obtained. 

On the other hand, the resin obtained in Comparative 
Example 1 was incorporated with 65 wt% of styrene. The 
30 resulting turbid solution was applied to a glass fiber mat 
in the same manner as above. The resulting glass fiber 
laminate caused whitening and cracking when bent. 

The resin obtained in Comparative Example 2 was not dis- 
solved in 65 wt.% of styrene completely. Thus, the resulting 
solution was not suitable for production of glass fiber laminate. 
Production Example 2 

Using the same apparatus as used in Production Example 1, 
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650 g of polyoxyethylene(2) -2,2-bis ( 4 -hydroxyphenyl) propane, 
120 g of fumaric acid, and 53.4 g of iso-dodecenylsuccinic 
anhydride were reacted at 220°C r until the water formed by 
reaction was not distilled out any longer . The acid value 
at that time was 1.3. 

Subsequently, 79 g of trimellitic anhydride was added 
and reaction was continued at 200°C until the ring and ball 
softening point reached 120°C. After standing for cooling 
and solidifying, the resin was crushed into powder which 
10 passes 42 mesh (350 um opening) and contains more than 80% 
of the fraction which passes 42 mesh (350 urn opening) and 
remains on 150 mesh (100 urn opening) . 
Comparative Example 3 

Using the same apparatus as used in Production Example 
1, 617 g of polyoxyethylene(2)-2,2-bis(4T-hydroxyphenyl)pro-— 
pane, 232 g of fumaric acid, and 9 g of glycerin were reacted 
at 220°C, until the ring and ball softening point reached 
120 °C. After standing for cooling and solidifying, the resin 
was crushed into powder which passes 42 mesh and contains 
20 more than 80% of the fraction which passes 42 mesh and 
remains on 150 mesh. 
Usage Example 2 

A glass fiber mat was produced as follows using as a 
binder the resin powder obtained in Production Example 2. 

The first glass fiber layer was prepared by spreading 
uniformly chopped glass strand on a perforated steel plate 
measuring 35 cm by 35 cm placed in a mat producing test 
machine equipped with a blower. Water was sprayed for 10 
seconds. With the blower stopped, the powder binder was 
30 spread uniformly. on the mat. These steps were repeated 

four times to prepare a four-layered glass fiber mat. The 
mat was heated in an oven at 200°C for 10 minutes. The 
quantity of the powder binder was controlled so that the 
final loading is 3 to 4 wt% based on the glass fiber. On 
removal from the oven, the. glass fiber mat was cooled im- 
mediately by putting between two steel plates. After cool- 
ing, the mat was cut to a size of 10 cm by 25 cm, and this 
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test piece was measured for tensile strength on an auto- 
graphic tensile tester (made by Shimadzu Seisakusho) . 

On the other hand, the powder binder was evaluated 
for caking by calculating the caking index as follows: 

The resin powder prepared in Production Example 2 was 
vacuum dried at normal temperature for 2 days. Exactly 12 
g of this powder was placed in a 40 cc beaker, and allowed 
to stand in the atmosphere of 35 °C and 40% RH, 70% RH and 
100% RH for 2 days. The conditioned powder was kept pressed 
under a load of 200 g for 1 -week. After removal of the load, 
the powder was taken out of the beaker slowly so as not to 
break the shape. The lump of the powder was dropped on a 
20 mesh screen from a height of 50 cm. After slight shaking 
of the screen, the quantity of the powder remaining on the 
screen was measured. Let the weight W g, and the caking 
index is given by the following expression. 

Caking index = W x 100/12 

The resin prepared in Comparative Example 3 and a com- 
mercial binder resin having the same particle size as that 
resin were evaluated for caking index, and the glass fiber 
mats produced from them were measured for tensile strength 
in the same manner as above. (The commercial binder resin 
is Atlack 363E (made by Kao Atlas) , having an acid value 15 
and a ring and ball softening point 112 °C, made from poly- 
oxyethylene (2) -2 , 2-bis (4-hydroxyphenyl) propane and fumaric . 
acid. The. re suits are shown in Table 1. 

Table 1 

Caking Index 

Mat tensile 35°C, 35°C, 35°C, 

strength (kg) 40% RH 70% RH 100% TH 

Resin powder of 18 . 0 0 0 5 

Product. Ex. 2 

Resin powder of 15.5 0 55 85 

Comp. Ex. 3 

Atlack 363E 15.0 0 45 75 

resin powder 
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Table 1 indicates that the resin powder obtained in 
Production Example 2 is superior in mat tensile strength 
and is more resistant to caking. 
Production Example 3-1 

Using the same apparatus as used in Production Example 
1, 490 g of polyoxypropylene(2.2)-2,2-bis(4-hydroxyphenyl)- 
propane, 195 g of polyoxyethylene (2) -2, 2-bis (4-hydroxy- 
phenyl) propane, 188 g of terephthalic acid, 26.8 g of n- 
dodecyl-succinic anhydride, and 0.8 g of diisopropyl ortho- 

10 titanate as an esterif ication catalyst were reacted at 230 °C 
for about 5 hours until the acid value reached 2.0. 

Subsequently, 78.8 g of trimellitic anhydride was added 
are reaction was continued at 200°C for about 4 hours under 
reduced pressure until the ring and ball softening point 
reached 115 °C. A light yellow solid resin having an acid 
value of 33 was obtained. 
Production Example 3-2 

In the same manner as Production Example j-l, a resin 
having a softening point of 120°C ws" ootained. Those resins 

20 obtained in Production Examples 3-1 and 3-2 were soluble in 
organic solvents p^oh as dioxane and methyl ethyl ketone. 
Comparati-"^ Example 4-1 

Using the same apparatus as used in Production Example 
1, 4 90 g of polyoxypropylene(2.2)-2,2-bis(4-hydroxyphenyl)- 
propanp, 195 g of polyoxyethylene (2) -2 , 2-bis (4-hydroxyphenyl) - 
propane, 204.3 g of terephthalic acid, and 0.8 g of diiso- 
propyl orthotitanate were reacted at 230 °C for about 5 
hours. Subsequently, 78.8 g of trimellitic anhydride was 
added and reaction was continued at 200 °C for about 4 hours 

30 under reduced pressure until the ring and ball softening 

point reached 115 °C. A light yellow solid resin having an 
acid value of- 34 was obtained. 
Comparative Example 4-2 

Comparative Example 4-1 was repeated except that the 
reaction was continued until the softening point reached 
120°C. 
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Comparative Example 4-3 

Comparative Example 4-1 was repeated except that the 
reaction was continued until the softening point reached 
125°C. 

Comparative Example 5-1 

Using the same apparatus as used in Production Example 
1, 490 g of polyoxypropylene(2.2)-2,2-bis(4-hydroxyphenyl)- 
propane, 195 g of polyoxyethylene (2) -2 , 2-bis (4-hydroxy- 
phenyl) propane , 97 g of terephthalic acid, and 0.8 g of 
10 diisopropyl orthotitanate were reacted at 230°C for about 
5 hours. The acid value was 1.8. Subsequently, 156 g of 
trimellitic anhydride was added and reaction was continued 
at 200°C for about 5 hours until the ring and ball softening 
point reached 120 °C. The resulting light yellow solid resin 
was insoluble in all the solvents tested, and it was very 
difficult to clean the reaction apparatus. 
Comparative Example 5-2 

Comparative Example 5-1 was repeated except that the 
reaction was continued until the softening point reached 
20 125 °C. The resulting light yellow solid resin was insoluble 
in all the solvents tested, and it was very difficult to 
clean the reaction apparatus. 

In both Comparative Examples 5-1 and 5-2, the polymeri- 
zation rate was so high that there was a danger that the 
resin solidifies in the reaction apparatus. 
Usage Example 3 

An electrophotography toner was prepared as follows. 
Ninety- five parts of the resin obtained in Production Example 
3-1 was mixed with 5 parts of carbon black in a ball mill, 
30 and then kneaded by a hot roll. After cooling and solidify- 
ing, the resin mixture was crushed by a hammer and then by 
a jet mill into fine powder having an average particle size 
of about 15 microns. 

In the. same manner as above, fine powders of the same 
particle size were prepared from the resins obtained in Pro- 
duction Example 3-2 and Comparative Examples 4-1 to 5-2. 

Five grams each of the black fine powders was mixed with 
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95 g of iron powder of 150 to 200 mesh to make electrophoto- 
graphy 'toners. The toners were evaluated for the quality of 
images and off -set by applying by the magnetic brush method. 
The results are shown in Table 2. 

Table 2 





Resins 






Ring and ball 
tening point 


sof- 
°C> 


Off- 
set^ 


Quality 
of image 


Resin 


of Prod. 


Ex. 


3-1 


115 




No 


Good 


Resin 


of Prod. 


Ex. 


3-2 


120 




No 


Good 


Resin 


of Comp. 


Ex. 


4-1 


• 115 




Yes 


Blurred 


Resin 


of Comp. 


Ex. 


4-2 


120 




Yes 


Good 


Resin 


of Comp. 


EX. 


4-3 


125 ' 




No 


Poor fix 


Resin 


of Comp. 


Ex. 


5-1 


120 




Yes 


Good 


Resin 


of Comp. 


Ex. 


5-2 


125 




No 


Poor fix 



Table 2 indicates that the toners prepared from the 
resins obtained in Production Examples 3—1 and 3—2 gave 
good images without causing off-set even in the case of 
the resin having a lower softening point. 

In contrast, the resins obtained in Comparative Exam- 
ples 4-1 to 4-3 caused off-set except the resin having the 
highest softening point which is poor in fixation. This 
is also true in the case of the resins obtained in Comp- 
arative Examples 5-1 and 5-2. As mentioned above, these 
resins are more difficult to produce than the resin of 
this invention. 
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What is claimed is: 

-1- 

A process for producing a new polyester resin by con- 
densation polymerization of (a) a diol component represented 
by the formula: 




(where R is an alkylene group of 2 to 4 carbon atoms; and . 
x and y are positive integers, the sum of them being 2 to 
16 on an average) , and (b) an acid component selected from 
the group consisting of polybasic (at least dibasic) carb- 
oxylic acid, anhydride thereof, and lower alkyl ester there- 
of, said process being characterized by that said acid 
component (b) contains 1 to 50 mol% of a dibasic carboxylic 
acid or anhydride thereof represented by the formula: 

R 2 -CH-C00H R 2 -CH-CO0H 

I (ID or - J (III) 

CH 2 -COOH R 3 -CH-CO0H 

(where R 2 and R 3 are saturated or unsaturated hydrocarbon 
groups of 4 to 20 carbon atoms) and 10 to 30 mol% of tri- 
mellitic acid or anhydride thereof. 
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- 2 - 

A process as claimed in Claim, 1, wherein said disbasic 
carboxylic acid of the formula (II) or (III) is selected from 
the group consisting of n-dodecenylsuccinic acid, 
iso-dodecenylsuccinic acid, n-dodecylsuccinic acid, 
iso-dodecylsiiccinic acid, iso-octylsuccinic acid, and 
n-butylsuccinic acid. 

- 3 -. 

A process as claimed in Claim 1, wherein said condensation 
polymerization is conducted . at 180 to 250 °C in. the inert gas 
atmosphere/ in the presence of an esterif ication catalyst. 
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